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INTRODUCTION 

The A u s t r a l i a n  s t a t e  o f  V i c t o r i a  p o s s e s s e s  huge p r o v e n  r e s e r v e s  ( 6 6 . 7  x l o 9  t o n n e s )  
of  brown c o a l  v h i c h  have  b e e n  shown (1-3)  t o  b e  h i g h l y  s u i t a b l e  f o r  h y d r o g e n a t i o n  
t o  l i q u i d  f u e l s .  P r e v i o u s  ACIRL ( 3 )  b a t c h  a u t o c l a v e  t e s t s  on V i c t o r i a n  brown c o a l  
g a v e  t o l u e n e - s o l u b l e  l i q u i d  y i e l d s  o f  61% when h y d r o g e n a t e d  i n  t e t r a l i n  a t  4000C 
f o r  4 h o u r s  a t  hydrogen  p r e s s u r e  of  a r o u n d  21 MPa. Moreove r ,  h i g h  y i e l d s  o f  o i l  
h a v e  been  r e p o r t e d  ( 4 )  f o r  t h e  h y d r o g e n a t i o n  o f  German brown c o a l s  (similar t o  t h e  
V i c t o r i a n  v a r i e t y )  i n  l a r g e - s c a l e  c o n t i n u o u s  o p e r a t i o n s .  

H y d r o l i q u e f a c t i o n  tes ts  on a V i c t o r i a n  brown c o a l  i n  ACIRL‘S 1 kg/hr  c o n t i n u o u s  
r e a c t o r  u n i t  a r e  r e p o r t e d  h e r e .  The u n i t  a n d  s u p p o r t i n g  equ ipmen t  have  b e e n  
d e s c r i b e d  e a r l i e r  (5) w i t h  r e f e r e n c e  t o  b l a c k  c o a l  h y d r o g e n a t i o n  tes ts .  

CONTINUOUS R E A C T O R  OPERATIONS 

The brown c o a l  s a m p l e  was f r o m  a s t e a m - d r i e d  b a t c h  of  run-of-mine brown c o a l  t h e n  
exposso  t o  a m b i e n t  room c o n d i t i o n s  f o r  s e v e r a l  h o u r s .  The c o a l  was t h e n  c r u s h e d  
a n d  s c r e e n e d  t o  p a s s  .075 mrn and s t o r e d  i n  p o l y e t h y l e n e  b a g s  u n t i l  r e q u i r e d .  
E q u i l i b r a t e d  m o i s t u r e  c o n t e n t s  d e t e r m i n e d  by  t h e  Dean a n d  S t a r k  ( b o i l i n g  t o l u e n e )  
method were i n  t h e  r a n g e  11-165. 

The c o n d i t i o n s  u n d e r  wh ich  t h e s e  t e s t s  were r u n  ‘were - 
S l u r r y  s o l v e n t / c o a l  r a t i o  1 .68  - 2 . 0  : 1 
51-rz;. f e e d  r a t e  0.7 - 1 . O  kg/hr  
Hydrogen f e e d  r a t e  BE - 92 g/h 

T e m p e r a t u r e s  : 
C a t a l y s t  % Coal 0 - 4.3  

P r e h e a  t e r  25 - 450 C 
R e a c t o r  25  - 430 C 

P r e h e a t e r  t u b e  d i m e n s i o n s  6 - 25  m l o n g  x 6 mm I .D.  
x 9.5mm O.D. 

R e a c t o r  volume 3 .5  L 

T a b l e  1 g i v e s  f u r t h e r  r u n  d e t a i l s .  
The r e a c t o r  i n t e r n a l  c o n f i g u r a t i o n  i s  shown i n  t h e  f i g u r e .  
d i v i d e d  i n t o  t h r e e  s t i r r e d  c o m p a r t m e n t s  i n  an  e f f o r t  t o  i n c r e a s e  t h e  number o f  
CSTR s t a g e s  w i t h  m i n i m a l  i n t e r s t a g e  b a c k m i x i n g ,  a n d  t h u s  t o  a p p r o a c h  p l u g  f l o w  
which  is known t o  be  more e f f e c t i v e  f o r  a g i v e n  r e a c t o r  volume.  

OPERABILITY 

Feed  s l u r r y  s o l v e n t / c o a l  r a t i o s  were l i m i t e d  t o  a b o v e  1 . 6 8  : 1 a s  t h i c k e r  s l u r r i e s  
c o u l d  n o t  b e  pumped s a t i s f a c t o r i l y .  
t h a t  t h i c k e r  s l u r r i e s  c o u l d  more r e a d i l y  b e  h a n d l e d .  
o b t a i n e d  a t  t h i s  s m a l l  s c a l e  may b e  a f f e c t e d  by t h e  low f e e d  s l u r r y  c o a l  c o n c e n t -  
r a t i o n s  t h a t  c o u l d  be a c h i e v e d .  

P r o d u c t  s l u r r y  l e t -down  v a l v e s  o p e r a t i n g  w i t h  pressure d r o p s  o f  up t o  21 MPa down 
t o  a t m o s p h e r i c  h a v e  s u r v i v e d  l o n g e r  ( o v e r  200  h o u r s )  i n  brown c o a l  s e r v i c e  t h a n  i n  
b l a c k  c o a l  r u n s  (50-100 h o u r s ) .  T h i s  i s  most  l i k e l y  t h e  r e s u l t  o f  l o w e r  a s h  con-  
t e n t s  a n d  l o w e r  p e r c e n t a g e s  of  h a r d  m a c e r a l s  i n  brown c o a l .  

P r e h e a t e r  t u b e  b l o c k a g e s  h a v e  been  e n c o u n t e r e d  i n  e v e r y  run w i t h  brown c o a l .  We . 
o b s e r v e d  t h a t  h i g h  t e m p e r a t u r e s  t e n d e d  t o  a c c e l e r a t e  d e p o s i t i o n  o f  m i n e r a l  m a t t e r  
a n d  c o k e  on t h e  p r e h e a t e r  w a l l .  D e p o s i t i o n  o f  s o l i d  c o k e - s a l t  m a t e r i a l s  i n  p r e -  
hea . t e r s  a l s o  a p p e a r s  t o  b e  a p r o b l e m  f o r  o t h e r  w o r k e r s  i n  b r o w n . c o a 1  a n d  l i g n i t e  

The r e a c t o r  h a s  been  

A t  l a r g e r  s c a l e s  o f  o p e r a t i o n  i t  is l i k e l y  
A c c o r d i n g l y ,  t h e  d a t a  
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h y d r o g e n a t i o n .  
o u r  p r e h e a t e r  s o l i d s .  However t h e  o r i g i n a l  d e p o s i t  t h a t  e v e n t u a l l y  c a u s e d  a 
b l o c k a g e  c o u l d  n o t  a l w a y s  b e  found  b e c a u s e  p r e h e a t e r  c o n t e n t s  t e n d e d  t o  c o k e  a l o n g  
t h e  whole l e n g t h  when f l o w  s t o p p e d .  The o r i g i n a l  h i g h - c a l c i u m  d e p o s i t  was t h e n  
On ly  l o c a t a b l e  by  l a b o r i o u s l y  c u t t i n g  t h e  who le  p r e h e a t e r  i n t o  many s e c t i o n s  a n d  
examin ing  each one i n d i v i d u a l l y .  

RE 5U LTS 

Obse rved  mass b a l a n c e s  a n d  o i l  y i e l d s  3re p r e s e n t e d  i n  T a b l e s  2 a n d  3.  Y i e l d  d a t a  
c o r r e c t e d  t o  100% r e c o v e r y  f o r  o p e r a t i o n a l i y  s t a b l e  runs 33, 44 e n d  45 a r e  p r e s e n t e d  
i n  T a b l e  4 .  O v e r a l l  r e c o v e r i e s  f o r  t h e s e  runs xere 95- 96%. 

Because  o f  t h e  s m a l l  s c a l e  o f  o p e r a t i o n s  p e r f e c t  mass b a l a n c e s  were  v e r y  d i f f i c u l t  
t o  a c h i e v e .  O v e r a l l  mass b a l a n c e s  v a r i e d  f rom 82% t o  97%, r h e  p o o r e r  mass  b a l a n c e s  
b e i n g  p a r t l y  e t t r i b u t a b l e  t o  o p e r a t i o n a l  p r o b l e m s  s u c h  a s  l e a k s ,  n e c e s s a r i l y  h a s t y  
r e m e d i a l  a c t i o n  t o  c l e a r  b l o c k a g e s  i n  t h e  f e e d  s l u r r y  c i r c u l a t i n g  s y s t e m ,  and l o s s e s  
when d i s c h a r g i n g  m a t e r i a l  i n  p r o c e s s  i n  o r d e r  t o  r e p l a c e  a b l o c k e d  p r e h e a t e r .  
D i s t i l l a t i o n  mass b a l a n c e s  ( i . e .  r e c o v e r y  o f  w a t e r ,  l i g h t  o i l ,  m i d d l e  a n d  vacuum 
d i s t i l l a t e s  and d i s t i l l a t i o n  r e s i d u e )  were  95 - 98% of  p r o d u c t  s l u r r y  f e d  t o  t h e  
d i s t i l l a t i o n  e q u i p m e n t .  Obse rved  o i l  y i e l d s  were  c o r r e c t e d  by a s s u m i n g  p e r f e c t  
r e c o v e r y .  Thus,  o b s e r v e d  o i l  y i e l d s  i n  t h e  r a n g e  31 - 44% f o r  o v e r a l l  9 5  - 96% 
r e c o v e r i e s  a r e  e s t i m a t e d  t o  be i n  t h e  r a n g e  42 - 55% a s s ~ m i n g  100% r e c o v e r y .  
b e l i e v e  t h a t  t h e  downs ide  error is  u n l i k e l y  t o  be  g r e a t e r  t h a n  5%, t h a t  i s  t h e  
a b o v e  o i l  y i e l d  r a n g e  i s  u n l i k e l y  t o  be  l e s s  t h a n  26 - 39%. 

Obse rved  d i s t i l l a t e  y i e l d s  f o r  runs w i t h  p o o r  o v e r a l l  r e c o v e r i e s  are  u n f o r t u n a t e l y  
s u s p e c t .  However, some c o n c l u s i o n s  c a n  be drawn w i t h  r e a s o n a b l e  c e r t a i n t y ,  namely:  

( a )  D i s t i l l a t e  o i l  y i e l d s  o f  up t o  55% c a n  be o b t a i n e d  f rom t h i s  c o a l  a t  c o n d i t i o n s  

High l e v e l s  o f  c a l c i u m  h a v e  b e e n  q u a l i t a t i v e l y  o b s e r v e d  i n  some of 

We 

a t t a i n a b l e  i n  t h i s  bench  u n i t .  

( b )  O i l  y i e l d s  were h i g h e r  when r e a c t a n t s  f l o w e d  t h r o u g h  0 0 t h  p r e h e a t e r  and  r e a c t o r  
( b o t h  a t  a b o v e  400dC) t h a n  t h r o u g h  e i t h e r  a l o n e .  
were  o b s e r v e d  p r o b a b l y  a s  t h e  r e s u l t  o f  d e g r a d a t i o n  a f  s o l v e n t  i n  t h e  h o t  
p r e h e a  t e r  . 

Some n e g a t i v e  o i l  y i e l d s  

( c )  S o l i d s  b u i l d i n g  up i n  t h e  p r e h e a t e r  t e n d e d  t o  r e d u c e  l i q u i d  y i e l d s  p r o b a b l y  
due  t o  d e c r e a s i n g  r e a c t i o n  volume.  

( d )  P r e h e a t e r  d e p o s i t s  t e n d e d  t o  form more r a p i d l y  a t  h i g h e r  t e m p e r a t u r e s .  

( e )  Added r e d  mud a n d  s u l f u r  improved  l i q u i d  y i e l d s  s l i g h t l y .  F u r t h e r  v e r i f i c a t i o n  
of  t h i s  e f f e c t  is u n d e r  way. 

PRODUCT CHARACTERISTICS 

L i g h t  o i l s  (IBP - 200OC) were  f o u n d  t o  c o n t a i n  19-3746 p a r a f f i n s ,  19-2796 n a f t e n e s ,  
26-50% a r o m a t i c  h y d r o c a r b o n s ,  a n d  9-14% o x y g e n a t e d  compounds ,  m a i n l y  p h e n o l s  a n d  
k e t o n e s .  T h i s  would s u g g e s t  t h a t  s u b s t a n t i a l  e x t r a c t i o n  a n d / o r  c a t a l y t i c  hydro-  
t r e a t m e n t  would be r e q u i r e d  t o  p r o d u c e  a s u i t a b l e  f e e d s t o c k  f o r  g a s o l i n e .  By 
c o m p a r i s o n  l i g h t  0115 d e r i v e d  f r o m  b l a c k  c o a l s  g e n e r a l l y  c o n t a i n  a b o u t  h a l f  a s  much 
o x y g e n a t e d  compounds. 

The h e a v i e r  o i l s  f rom which  a l i q u o t s  a r e  used  a s  r e c y c l e  o i l ,  c o n t a i n e d  s u b s t a n t i a l  
c o n c e n t r a t i o n s  o f  h e t e r o a t o m s  o f  which p h e n o l i c  h y d r o x y l  g r o u p s  a c c o u n t e d  f o r  70-90% 
o f  t h e  oxygen p r e s e n t .  The c o n c e n t r a t i o n  of  s a t u r a t e d  h y d r o c a r b o n s  i n c r e a s e d  up t o  
10% w i t h  s u c c e e d i n g  r e c y c l e  p a s s e s  w h i l e  a r o m a t i c s  a n d  s i m p l e  p o l a r  compounds 
r e m a i n e d  a p p r o x i m a t e l y  c o n s t a n t .  Branched  h y d r o c a r b o n s  were  p r e s e n t  i n  o n l y  v e r y  
s m a l l  amoun t s .  A f t e r  a b o u t  4 0 0  h o u r s  t o t a l  o p e r a t i o n ,  i n d i c a t i o n s  were t h a t  3040% 
of  t h e  o r i g i n a l  s t a r t i n g  s o l v e n t  componen t s  r e m a i n e d .  I n  o t h e r  w o r d s ,  t h e  o r i g i n a l  
s t a r t i n g  s o l v e n t  ( m i l d l y  h y d r o g e n a t e d  c r e o s o t e )  i s  f a i r l y  s t a b l e  a t  t h e s e  hydro-  
g e n a t i o n  c o n d i t i o n s  and  t h u s  it m e r e l y  becomes d i l u t e d  w i t h  e v e r y  s u c c e e d i n g  r e c y c l e  
p a s s .  
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CONCLUSION 

I t  is i m p o r t a n t  t o  r e c o g n i s e  t h a t  t h e s e  data  were g e n e r a t e d  on a small  b e n c h  u n i t  
a n d  a r e  i n d i c a t i v e  o f  t r e n d s  drld l i k s l y  r n n g e s  o f  uil y i e l d s .  T h e s e  r u n s  h a v e  
p r o v i d e d  v a l u a b l e  e x p e r i e n c e  e n a b l i n g  us t o  b e t t e r  pl .sn f u t u r e  improvements  t o  
i m p r o v e  mass b a l a n c e s  a n d  y i e l d s .  Howi . ,er ,  we z c l r r v e  t h a t  2 t  t h i s  s m e l l  s c a l e  
t h e  b e s t  r s c o v e r i e s  e c h i e v - ? b i s  e r e  ' ~ 8 %  : ; I I  '*ad s l u r r y ,  t h a t .  1 s  95-96$ on f e e d  coill.  
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TA!?LE 1 .  

Run C o n d i t i o n s  

D u r a t i o n  Brown S t a  r t i n g  
5 o l v r n t /  

i u a  1 
P a t i o  

Cs t a  l y s t  
9'. c o a l  

4 . 3  

S o l v e n t  h C o a l  f e e d  
Runs 

Cq 

33  9 8  2 5  100 % MHC i .6e  : 1 

if5 f r o m  p r e v i o u s  2 . 0  : 1 

44A, B 1 0 0  1 '2 49% MHC ? . C S  : 1 

34-36 31 1 85 lOC% MHC t h e n  I .7 :  - 0 - 1 . 2  

r u n s  

4 . 0  1 5::~: RS f r o m  
p r e v i o u s  r u n s  i 

45 C 6  35 tGC$ AS f r o m  1.80  : 1 4 . 0  i 
! Run 48 

MHC = m i l d l y  h y d r o g e n a t e d  c r e o s o t e  
RS = r e c y c l e  s o l v e n t  
C a t a l y s t  = ::;A rea mud -, 2 5 1  e l e m e n t a l  s u i i u r .  _-. 

TABLE 2 .  

U n i t  C o n f i q u r a t i o n  a n d  P r e h e a t e r  B e h a v i u u r  

r 1 5 1 1 t Z . .  L C L  nr tL C U I  

5 t.7 t u  5 
T e m p e r a t u r e  

C 
S t a t u s  T1nla to 

Runs T e m p e r a t u r e  
C b l o c k ,  h 

33 4 5 0  I n  71 425 I n  
34A 450 I n  OU z 
348 450 I n  89  42 5 I I1 

35A 450 I n  53  425 183 
35B 450 !n 26 - a,, t 
36A 450 I n  lib ; 
368 450 I ri S O  370 I n  
36C U u t  42 5 I n  
44A 435 I n  59 430 I n  
448 41 0 i n  - 430 I ri 
45 41 0 I n  a 6  * 430 1 r. 

- - 

- - 
- - 

* B l o c k a g e  c l e a r e d  by  imposed  e x c e s s  p r e s s u r e  d r o p .  
A l l  o t h e r  b l o c k e d  p r e h e a t e r s  c o u l d  n o t  h e  c l e a r e d  
a n d  were t h e r e f o r e  r e p l a c e d .  
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TABLE 3. 

Mass B a l a n c e s  a n d  Y i e l d s  

O b s e r v e d  
Mass Balance C l o s u r e  on T o t a l  F e e d s  (%)  D i s t i l l a t e  

Run Y i e l d  

C o a l  
$ d . a . f .  D i s t i l l a  t i o n  O v e r a l l  C o n t i n u o u s  

Reactor  

33 
34A 
34B 
35A 
35B 
36A 
368 
36C 
44A 
44B 
45 

100.1 
85 
84 
89 
95 

101.4 
98.0 
89 
97.4 
97.6 
98.3 

94.7 
97.9 
97.6 
96.5 
98.7 
98.6 
97.2 
98.2 
97.4 
97.4 
97.8 

95  
a3 
a2 
86 
94 
9 7  
95 
87  
95 
95 
96 

44 
-1 6 
- 5  
- 2  

3 
-1 1 
- 7  

11 
31 
38 
32 

TABLE 4 .  

Y i e l d s  C o r r e c t e d  t o  100% R e c o v e r y  

Run 33 44A 448 45 

I N  - 
C o a l  ( d . a . f . 1  
Hydrogen consumed 

1 0 0  
6 

1 0 0  
1 0  

OUT - 
C1 - C4 h y d r o c a r b o n s  

H e t e r o g a s e s  
G e n e r a t e d  Water  
L i g h t  O i l  (IBP - 200°C) 
Middle  D i s t i l l a t e  (200 - 320OC) 
Vacuum D i s t i l l a t e  ( 3 2 0  - 550oC) 
D i s t i l l a t i o n  R e s i d u e  ( d . a  . f .  ) 

co, c02 

Net d i s t i l l a t e  O i l  Y i e l d ,  
$ d . a . f .  c o a l  

106 - 

1 3  
12 

2 
12 
1 0  
28  
17  
12  

106 

- 
- 

55 

1 1 0  - 
'1 7 
1 7  

1 
1 3  
1 3  
25 

7 
1 7  

1 1 0  

- 
- 

45 

1 0 0  
12 

112 
- 
- 

1 3  
1 4  

1 
12  
1 0  
29  
1 3  
20 

112 

- 
- 

52 

100 
7 

107 

- 
- 

11 
15 

3 
15 
1 0  
22 
10 
21 

107 

- 
- 

42 
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